Objective: To analyze contemporary trends in the incidence, management, and clinical outcomes of heart failure (HF) complications in patients hospitalized for ST-segment elevation myocardial infarction (STEMI) in the United States. Patients and Methods: Using the 2003 through 2010 Nationwide Inpatient Sample databases, all patients with STEMI who were 18 years and older with acute HF were identified. Overall trends in the incidence of HF, coronary intervention, and in-hospital mortality were analyzed. CI,.8%]) in 2010 (P trend<.001). The incidence of cardiogenic shock in patients with HF-complicated STEMI increased from 13.9% (95% CI, 13.6%-14.1%) to 22.6% (95% CI, 22.2%-23.0%) during this period (P trend<.001). From 2003 through 2010, the use of diagnostic coronary angiography and percutaneous coronary intervention increased in patients with HF-complicated STEMI from 44.3% to 62.1% and from 25.0% to 48.1%, respectively. In-hospital mortality decreased significantly in patients with HFcomplicated STEMI (from 18.1% to 15.1%) and in subgroups of those with (from 42.4% to 29.9%) and without (from 14.1% to 10.8%) cardiogenic shock (all P trend<.001). The adjusted odds ratio (AOR) (per year) of death was 0.992 (95% CI, 0.988-0.997; P<.001), which changed significantly after additional adjustment for coronary intervention (AOR [per year], 1.012; 95% CI, 1.008-1.017; P<.001). Conclusion: The incidence and in-hospital mortality of HF-complicated STEMI has decreased significantly during recent times along with increased use of percutaneous coronary intervention and diagnostic coronary angiography. H eart failure (HF) is a commonly seen complication in patients with acute myocardial infarction (AMI), with an incidence ranging from 19% to 45%. [1] [2] [3] [4] [5] [6] [7] Clearly, HF adversely affects survival, hospital readmissions, and quality of life of patients with AMI. 1, 5, 6, [8] [9] [10] During the past decade, substantial improvements in AMI revascularization and medical therapies have occurred, along with tremendous increases in the burden of cardiovascular (CV) and non-CV comorbidities.
H eart failure (HF) is a commonly seen complication in patients with acute myocardial infarction (AMI), with an incidence ranging from 19% to 45%. [1] [2] [3] [4] [5] [6] [7] Clearly, HF adversely affects survival, hospital readmissions, and quality of life of patients with AMI. 1, 5, 6, [8] [9] [10] During the past decade, substantial improvements in AMI revascularization and medical therapies have occurred, along with tremendous increases in the burden of cardiovascular (CV) and non-CV comorbidities. 11 Recent data describing national trends in the incidence, management, and clinical outcomes of HF-complicated STsegment elevation myocardial infarction (STEMI) hospitalizations in a US population are limited. Note that previous studies have been limited to single community-based settings, smaller sample sizes, and descriptions of events from the 1970s to the early 2000s. In addition, the results are controversial. 2, 4, 5, 12, 13 Hence, we studied a large sample to examine the national temporal trends in the incidence, CV interventions, and in-hospital outcomes associated with HF-complicated STEMI hospitalization using the 2003 through 2010 Nationwide Inpatient Sample (NIS) databases.
PATIENTS AND METHODS
We performed this study using 2003 through 2010 data from the NIS, the largest publicly available all-payer database of US hospital inpatient stays. The NIS is an administrative data set sponsored by the Agency for Healthcare Research and Quality as a part of the Healthcare Cost and Utilization Project. 14 The NIS includes all discharge records for the sampled hospitals and data for approximately 8 million inpatient stays from approximately 1000 hospitals in all participating states (n¼45 in 2010). It is approximately a 20% stratified sample of all US hospitals, defined as "all non-Federal, short-term, general, and other specialty hospitals, excluding hospital units of institutions." 14 Each hospital visit is treated as an individual entry and is coded with 1 principal diagnosis, up to 24 secondary diagnoses, and 15 procedural diagnoses associated with that stay. Discharge weights, provided for each patient discharge record, were used to obtain national estimates for each year. The NIS database provides statistical sampling weights as a variable "DISCWT" that can be used to calculate expected hospitalization rates in the United States. 14 The internal and external validity of the NIS database are maintained through annual data quality assessments and comparison with other databases, such as the National Hospital Discharge Survey and MedPAR (Medicare Provider and Analysis Review). These reports are published on the NIS website (http://www.hcup-us.ahrq.gov/db/nation/ nis/nisrelatedreports.jsp).
We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (410.xx) listed as the primary diagnosis to identify patients with AMI from January 1, 2003, through December 31, 2010 . Patients with the principal diagnosis of STEMI were then identified using ICD-9-CM codes 410.x1, except code 410.71, as used in other studies. 15 We chose the principal diagnosis because it is considered the primary reason for hospital admission. All patients with a diagnostic code of 410.7x (non-STEMI) in any of the diagnostic fields were completely excluded to limit analysis to only STEMI hospitalizations. In administrative databases, the AMI diagnosis identified using ICD-9-CM codes has been found to have specificity of 99.5%, sensitivity of 72.4%, a negative predictive value of 96.1%, and a positive predictive value of 95.9%. 16 Patients with HFcomplicated STEMI hospitalization were then defined as patients with STEMI without a history of HF but with HF at the time of discharge identified using ICD-9-CM codes 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and 428.x listed anywhere except the primary diagnosis. These ICD-9-CM codes have been previously validated and also used in administrative database studies to accurately identify patients with HF. [16] [17] [18] [19] [20] We then identified patients with cardiogenic shock to create 2 groups: HF-complicated STEMI with and without cardiogenic shock. Coronary interventions were identified as percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG), and diagnostic coronary angiography (dCA).
We initially studied the overall trends in the proportion of HF-complicated STEMI hospitalizations. Then an analysis was conducted for the HF with cardiogenic shock and HF without cardiogenic shock subgroups. We also examined the trends in cardiac interventions (PCI, CABG, and dCA). The primary outcome of interest was all-cause in-hospital mortality, defined as "died" during the hospitalization encounter in the NIS database. We used the median length of stay (LOS) and the consumer price index (CPI)eadjusted median hospital cost (in 2010 US dollars) as secondary outcomes. Costs were inflation adjusted using the US Bureau of Labor Statistics' CPI, with 2010 as the index base.
Baseline patient characteristics used included demographic characteristics (age, sex, race, primary expected payer, weekday vs weekend admission, and median household income for patient zip code), clinical comorbidities (such as diabetes mellitus with and without complications, smoking, dyslipidemia, hypertension, obesity, alcohol abuse, atrial fibrillation, known coronary artery disease, previous AMI, carotid artery disease, peripheral vascular disease, liver disease, acute renal failure, and chronic pulmonary disease); and inhospital procedures (PCI, CABG, and dCA). A list of ICD-9-CM and Clinical Classifications Software codes used to identify comorbidities and in-hospital procedures is provided in the Supplemental Table (available online at http:// www.mcpiqojournal.org). Hospital characteristics, such as hospital region (northeast, midwest, south, and west), bed size (small, medium, and large), location (rural, urban), and teaching status, were also included.
For trend analysis, we used the MantelHaenszel c 2 test of linear association for categorical variables and linear regression for continuous variables. To determine whether there was temporal variability from year to year in the incidence of HF-complicated STEMI, coronary intervention, and inhospital mortality, we used unadjusted and multivariable-adjusted logistic regression models to determine the odds of developing HF complication, undergoing coronary intervention, or dying during hospitalization each year relative to 2003. We used 2 types of regression models. Model 1 was adjusted for all the demographic characteristics, hospital characteristics, and clinical comorbidities, and model 2 was adjusted for all the covariates (as in model 1) along with coronary intervention. Model 2 was used everywhere to obtain adjusted odds ratios (AORs) except when mentioned otherwise. In both models, we entered calendar year as a continuous variable to obtain unadjusted ORs and AORs (per year) for the overall temporal trend and then as a categorical variable (with 2003 as the reference year) to determine whether there was temporal variability from year to year. Temporal trends in median LOS and median CPI-adjusted hospital charges were also examined.
Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp). All P values were 2 sided, with a significance threshold of P<.001. A lower-thanusual P value threshold was selected to correct for the effects of a large sample size as well as inflation of type I error because of repeated testing using a large number of variables. Categorical variables are expressed as percentages and continuous variables as mean AE SD or median (interquartile range [IQR]) as appropriate. The OR and 95% CI are used to report the results of logistic regression. (Figure 1 ). In patients with HF-complicated STEMI, the incidence of cardiogenic shock was 16.5% (n¼77,627), and the proportion of these patients increased from 13.9% (95% CI, 13.6%-14. Baseline demographic characteristics, hospital characteristics, and clinical comorbidities are presented in Table 1 for patients who experienced acute HF while hospitalized for STEMI during the study period. The mean AE SD age decreased from 73.4AE13.4 years to 71.5AE14.2 years (P trend<.001). From 2003 through 2010, there was an increase in the proportion of men; white individuals constituted the highest proportion of patients; and the prevalence of all comorbidities increased, except chronic pulmonary disease and atrial fibrillation, for which the prevalence decreased (all P trend<.001). P<.001) was observed ( Table 2) . Similar trends were present in the subgroups with and without cardiogenic shock for the use of invasive coronary interventions.
RESULTS

From
Trends for In-hospital Mortality
In-hospital mortality in the overall cohort of patients with acute HF-complicated STEMI was 16.9%. A decreasing trend for in-hospital mortality was seen from 18 Table 2) . Similar results were present in the subgroup without cardiogenic shock, and the AOR for the cardiogenic shock subgroup did not change significantly after adjustment (Table 2) . Table 3 represents median LOS and CPIadjusted hospitalization cost for the overall cohort and subgroups. The median (IQR) LOS and CPI-adjusted hospital cost for the overall cohort with acute HFecomplicated STEMI were 5 (3-9) days and $39,717 ($16,646-$82,184), respectively. Both median LOS and hospitalization cost for the subgroup with HF-complicated STEMI with cardiogenic shock were significantly higher than for those without cardiogenic shock (P<.001). 
Median LOS and Hospitalization Costs
Year
Heart failure complication (%) FIGURE 1. Trends in the incidence rates of heart failureecomplicated ST-segment elevation myocardial infarction (STEMI). Heart failure (%) was calculated as the number of patients with HF complication divided by the number of patients with STEMI per year Â 100 (P trend<.001). FIGURE 2. Trends in the incidence of cardiogenic shock complication in heart failure (HF)ecomplicated ST-segment elevation myocardial infarction (STEMI). Cardiogenic shock (%) was calculated as the number of patients with cardiogenic shock divided by the number of patients with HF-complicated STEMI per year Â 100 (P trend<.001). Continued on next page
Although the median LOS remained constant for the overall group and the individual subgroups, CPI-adjusted hospitalization cost increased across 8 years (2003-2010) ( Table 3) .
DISCUSSION
In this large real-world US populationebased observational study, we found decreasing rates of HF complication in STEMI hospitalizations from 2003 through 2010 despite a significant increase in the CV and non-CV comorbidity burden. The proportion of patients with HFcomplicated STEMI with cardiogenic shock increased significantly. There was a temporal increase in PCI and dCA use, in-hospital survival, and median hospital charges in patients with STEMI with acute HF complication. The temporal changes in cardiac interventions likely played an important role in mediating the secular decrease in in-hospital mortality of patients with STEMI with acute HF complication. Previous studies have reported incidence rates of HF-complicated AMI hospitalization ranging from 19% to 40%.
2,4-6,12,13 The results with respect to temporal trends from different studies are controversial. A report from the National Registry of Myocardial Infarction-2 (NRMI-2) reported an overall incidence of 19.1% of HF complication in 190,518 STEMI admissions from 1994 to 1998. 6 Researchers from the Worcester Heart Attack Study reported an overall incidence of 32.4% in 11,061 patients with AMI, with a decline in the incidence of HF complication from 35 33% in 1990-1994) . Potential reasons for these dissimilarities from the present study can be attributed to differences in the study sample size, patient characteristics, regional differences, HF definitions, different timelines for HF inclusion (admission only vs in-hospital vs 30 days or 5 years), inclusion of all patients with AMI (non-STEMI and STEMI vs STEMI only in the present study), and the advancements in invasive and medical interventions for both AMI and HF in recent years.
During the past 2 decades, we have witnessed tremendous improvements in the secondary prevention and management of coronary heart disease. The increased awareness for the modification of CV disease risk factors through healthy lifestyle changes and use of medications, such as aspirin, statins (including at intensive doses), b-blockers, angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers, and dual antiplatelet therapies, has resulted in regression of the incidence and severity of acute ischemic coronary events. 22, 23 In addition, clear guidelines with respect to triage, , and patients with HF-complicated STEMI without cardiogenic shock (C) (left y-axis). Procedure use (%) was calculated as the number of patients who underwent the procedure (PCI, dCA, CABG) divided by the number of patients with HF-complicated STEMI, HF-complicated STEMI with cardiogenic shock, or HF-complicated STEMI without cardiogenic shock, respectively, per year Â 100 (all P trend<.001). Trends in in-hospital mortality in patients with HFcomplicated STEMI, HF-complicated STEMI with cardiogenic shock, or HF-complicated STEMI without cardiogenic shock, respectively (right y-axis). In-hospital mortality (%) was calculated as the number of patients who died in the hospital divided by the number of patients with HF-complicated STEMI, HF-complicated STEMI with cardiogenic shock, or HF-complicated STEMI without cardiogenic shock, respectively, per year Â 100 (all P trend<.001).
interfacility transfer, reperfusion strategies, protocols (such as door-to-balloon time), and use of invasive coronary interventions have led to infarct size reductions, cardiac function improvements, and improvements in overall clinical outcomes in patients with STEMI. 24, 25 All of the previously mentioned factors might have contributed to the reduction in the incidence and mortality of patients with STEMI with acute HF complication. Although information related to medications, hospital transfers, and time variables, such as doorto-balloon time, are unavailable in this study, we observed a significant decrease in acute HF-complicated STEMI, from 25.4% in 2003 to 20.7% in 2010, even after broad adjustments for multiple factors, such as patient demographic characteristics, hospital characteristics, clinical comorbidities, and coronary intervention. Notably, we also found increasing rates of cardiogenic shock complication in patients with HF-complicated STEMI. Although given the administrative nature of the database, exact description behind this surprising trend is not possible, but we believe it can possibly be related to reimbursement issues, early and increased recognition of cardiogenic shock, along with increasing use of medical interventions such as b-blockers, opioids, ACE inhibitors, diuretics, and PCI, as highlighted in previous studies. [26] [27] [28] [29] The overall incidence of acute mortality in patients with HF-complicated STEMI was 16.9%, with a temporal decline in mortality from 2003 to 2010, similar to those reported by earlier research. 5, 6, 30 Previous studies based on the Global Registry of Acute Coronary Events (GRACE), the NRMI-2, and the Worcester Heart Attack Study have reported in-hospital mortality rates in such patient populations of 12% to 21%. Interestingly, despite encouraging survival trends in the study, patients with acute HF-complicated STEMI had markedly higher hospital mortality than rates reported in the general STEMI population. 24, 31 Likewise, patients with HFcomplicated AMI have previously been found to be significantly undertreated with lifesaving therapies, such as aspirin, statins, b-blockers, heparin, PCI, and dCA, at the time of initial presentation or during hospitalization. 5, 6, 30, 32 Even in the present study, the utilization rates of PCI (33.5%), CABG (9.7%), and dCA (50.1%) were much lower in patients with STEMI with acute HF diagnosis than those reported in overall patients with STEMI. 31 The undertreatment of patients with HFcomplicated AMI has been plausibly attributed to the older age and higher comorbidity burden compared with patients who did not develop acute HF complication. 5, 33 Also, although the present findings of underuse of invasive interventions are consistent with those reported by others, note that we were unable to stratify the medical facilities based on their invasive procedure capacity and, hence, the numbers might be an underrepresentation than for accredited "chest pain" centers. 5 It is critical to emphasize that enough literature exists supporting the role of therapies such as b-blockers, reperfusion strategies, and revascularization in improving clinical outcomes in patients with HF-complicated AMI. 24, 30, 32, 34 At the same time, the increasing trend of cardiogenic shock in patients with HF-complicated STEMI in the present study highlights the need for clinical presentatione specific guidelines for the use of medications such as ACE inhibitors, opioids, and diuretics, as addressed for b-blocker use in HFcomplicated STEMI in the most recent guidelines. 24 In the present study, the declining trend of mortality in patients with HF-complicated STEMI became significantly attenuated after adjustment for temporal changes of invasive coronary intervention, possibly reflecting their critical role in mortality reduction, as reported previously by Shah et al 35 in an overall STEMI population. The fact that HF-complicated AMI has markedly higher mortality but is surprisingly undertreated deserves special attention, as is also highlighted in studies from the NRMI-2 and GRACE investigators. 6, 30 This has been emphasized in the most recent 2013 American College of Cardiology/American Heart Association STEMI guidelines that recommend performing emergency revascularization and dCA as a class I (level of evidence: B) recommendation for the treatment of patients with severe acute HF after STEMI, irrespective of the time delay from onset of AMI, which is a major change from previous guidelines. 24, 36 Because the present study is limited to 2010 and earlier, it will be interesting to study the changes in the management and outcomes of patients with HF-complicated STEMI after guideline introduction.
This study has certain limitations secondary to the retrospective observational nature of the study and being based on an administrative-type database. Therefore, this study lacks certain potentially important clinical information, such as angiographic details, ejection fraction, medication use, biomarkers, HF phenotypic expression and subcategories (ie, systolic vs diastolic), and door-to-balloon times, and is prone to coding errors. The NIS database does not allow defining the temporal relationship of the development of HF, ie, present on admission, with that developing during hospitalization. Given that the NIS database consists of approximately 20% of all US hospitalizations and the national estimates are created using discharge weight estimates, it may not fully reflect all national hospitalizations. Another important limitation was the inability to assess the transfer status of patients because this information was missing in most patients (60% for transfer in and 90% for transfer out). Also, observations in the NIS are at the level of the hospitalization rather than the individual. Hence, addressing individual-specific issues, such as underuse of invasive coronary interventions, is not possible. Last, outcomes are limited to inhospital events, and the exact cause of death is not available. Nevertheless, the NIS provided an unequaled statistical power and important insight into the real-world data to study the changes in incidence and management related to this critically ill subgroup of patients with STEMI. Hence, this analysis should also be seen as a call out for further research based on databases such as the ACTION RegistryeGet With The Guidelines, which provide more details to account for the effects of medications, accreditation status of "chest pain" centers, clinical parameters, and time variables.
CONCLUSION
In this large nationwide study, we observed a temporal decline in the overall adjusted incidence of acute HF complication in US STEMI hospitalizations. There have been favorable trends in the use of PCI and dCA, with an overall decline in mortality in this high-risk patient group.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at http://www.mcpiqojournal.org. Supplemental material attached to journal articles has not been edited, and the authors take responsibility for the accuracy of all data.
Abbreviations and Acronyms: ACE = angiotensin-converting enzyme; AMI = acute myocardial infarction; AOR = adjusted odds ratio; CABG = coronary artery bypass graft; CPI = consumer price index; CV = cardiovascular; dCA = diagnostic coronary angiography; HF = heart failure; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; IQR = interquartile range; LOS = length of stay; NIS = Nationwide Inpatient Sample; NRMI-2 = National Registry of Myocardial Infarction-2; OR = odds ratio; PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction; UOR = unadjusted odds ratio 
